Background: While returning to paid work is a crucial marker of stroke recovery, little is known about the differences in unpaid work by sex following stroke. We aimed to determine the sex differences in participation in unpaid work 12 months after stroke. Methods: Psychosocial outcomes in stroke were a prospective, multicentre observational study that recruited individuals, 18-64 years, within 28 days of stroke from New South Wales, Australia. Unpaid work was defined as ≥5 h per week of one or more of: unpaid domestic work for the household; unpaid care of others; looking after own children without pay or looking after someone else's children without pay. Data was collected before stroke, 28 days (baseline), 6 and 12 months follow-up. Results: Eighty per cent of women and 52% of men engaged in ≥5 h per week of unpaid work before stroke. At 12 months after, 69% of women and 53% of men completed ≥5 h of unpaid work per week. For women, there was a significant association between participation in unpaid work at 12 months and having financially dependent children (OR 2.67; 95% CI 1.08-6.59). A return to unpaid work in men was associated with participation in unpaid work before stroke (OR 3.74; 95% CI 2.14-6.53). Conclusions: More women are engaged in unpaid work before and at 12 months after stroke, but there is a reduction in the proportion of women returning to unpaid work at 12 months not seen in men. Consideration may need to be given to the development of rehabilitation strategies targeted at the specific needs of stroke survivors.
Introduction
Psychosocial outcomes such as depression, anxiety, employment and driving are impaired after stroke contributing to post stroke disability [1, 2] . These outcomes are especially important to investigate in the working age group [3] [4] [5] [6] where younger stroke survivors live longer than older stroke survivors [7] . Recent studies have shown that 55-75% of those in paid employment before stroke return to paid employment in the first year after stroke [6, 8] . Independence in activities of daily living (ADL), being male, younger, Caucasian, in full-time employment before stroke, having less severe stroke, no psychiatric morbidity and having private health insurance after stroke are associated with a higher likelihood of returning to paid work [6, 8] .
Unpaid work (recognised globally as unpaid household work, childcare, volunteer or community work) [9, 10] is equally as important as paid work because it directly improves self-worth and the quality of people's lives by enabling engagement in productive activities and maintaining routines and habits [11] . In the working age population, unpaid work contributes almost half (48%) of Australia's Gross Domestic Product [12] . Internationally, the United Nations estimated that the value of unpaid work ranges from 5.7 to 72% of the gross national product [10] . In 2006, the Australian Bureau of Statistics included questions on unpaid work in its census for the first time, recognising the contribution unpaid work makes to the economy and society [12] . In people with rheumatoid arthritis, participation in unpaid work is associated with having more formal education, children, and social support, increased physical exertion and psychosocial stress [13] . In major trauma, less permanent impairment and a less number of co-morbidities are associated with unpaid work [14] .
Women of all ages have less favourable outcomes after stroke than men [15, 16] . There is increasing evidence that women are more likely to have depression [17] , mental impairment [18] , fatigue [19] , lower quality of life [20] and limitations in ADL [21, 22] ; however, there is no data whether participation in unpaid work after stroke varies between women and men. This study aimed to determine if there are differences in time spent in unpaid work before and at 12 months after stroke, by sex and to identify the determinants of participation in unpaid work at 12 months for women and men.
Materials and Methods

Study Design
The study methods have been published previously [23] . In brief, the psychosocial outcomes in stroke (POISE) study were a 3-year prospective multicentre observational study that recruited participants from October 2008 to June 2010. English-speaking individuals, aged > 17 and < 65 years, or their proxy, were consecutively recruited to POISE within 28 days of stroke from 20 stroke units in the Stroke Services New South Wales network in Australia [23] . Participants with receptive aphasia, a severe language disorder, or cognitive impairment as determined by their clinician, were eligible to participate if their proxy consented and completed the assessments on their behalf.
Hospital-based staff collected demographic (name, date of birth, sex, contact information, cognitive competence, general practitioner) and clinical (date, stroke subtype, Glasgow Coma Scale score, received recombinant tissue plasminogen activator, diagnosed or treated depression) information. All participants were interviewed over the telephone (or face-to-face when necessary) at baseline (28-days), 6 and 12 months after stroke by trained interviewers based at the George Institute for Global Health in Sydney. Data was also collected on whether participants had health insurance before their stroke, depression (Hospital and Anxiety Depression Scale [HADS] depression subscale score ≥8) [24] , anxiety (HADS anxiety subscale score ≥8, HADS-A) [24] , cognitive function telephone interview for cognitive status [25] and instrumental ADL frenchay activities index [26] .
Information on unpaid work before and after stroke was collected using modified versions of questions 34-51 of the Australian Bureau of Statistics 2006 Census [12] . Unpaid work was grouped as follows: unpaid domestic work for the household; unpaid care, help or assistance for a family member or others because of a disability or long term illness or problems due to ageing (hereafter referred to as unpaid care); looking after own children without pay; looking after someone else's children without pay (hereafter referred to as unpaid child care); and voluntary work through an organisation or group. Hours spent doing unpaid work were grouped as < 5, 5 to < 15; 15 to < 30 and ≥30 h per week. Participants indicated their pre-stroke expected age of retirement, whether and in what capacity they had returned to paid and unpaid work following their stroke, and the date of return. Participation in unpaid domestic work, unpaid care or unpaid child care refers to work conducted ≥5 h per week.
Ethical 
Study Participants
Participants were included in these analyses if they performed any unpaid work before their stroke.
Statistical Analysis
Chi-square and McNemar's tests were used for comparison between women and men. Participant characteristics were summarised as mean ± SD for continuous variables and as number (%) for categorical variables, with comparisons made using t-test or chi-square tests. Correlation and first-order interaction between variables was assessed. Self-reported time spent (average number of hours) per week, return to unpaid work at 12 months and factors associated with return to unpaid work were investigated by sex. For each sex, a multivariable logistic regression model was built using manual variable selection of all variables significant at p < 0.30 during univariate analysis. The threshold of p < 0.30 was chosen to avoid possible risk factors which would have been missed in the final model. In this study, we performed manual selection first and then a multivariable model with p < 0.30 criteria to add possible risk factors in the final model without a large in ROC area under curve. Additional analyses included one multivariable logistic regression model built using baseline variables for which there Unpaid Work after Stroke is a priori evidence that they might predict participation in unpaid work after stroke, a second using backward elimination of all such variables. The variables for consideration in the additional models were age (18-35, 36-45, 46-55, and 56-65 years), education (with diploma/degree or without), marital status (married/de facto relationship/other or never married), number of financially dependent children, living in a rural area, not living alone, absence of co-morbidities, independence in ADL, intact cognition, not taking psychoactive medications, not depressed or anxious, in full-time paid work and without health insurance. Data were reported with ORs and 95% CIs. A p value < 0.05 was regarded as indicative of statistical significance. All analyses were performed using SAS software version 9.3 (SAS Institute, Cary, NC, USA).
Results
Of the 441 participants in the POISE study, 392 (88%, hereafter referred to as the study group) participated in ≥5 h on average per week of unpaid domestic work, unpaid care and unpaid child care before their stroke and were included in these analyses. One third (32%) of the study group were women.
Self-Reported Number of Hours Spent on Unpaid Work Per Week
Proportionally more women than men (80 vs. 52%, p < 0.01) performed unpaid domestic work per week before their stroke. At 12 months, there continued to be proportionally more women than men (69 vs. 53%, p < 0.01) participating in unpaid domestic work. Figure 1a subdivided unpaid domestic work into time spent per week by sex. Women worked more hours than men. Similar results were found for unpaid care (Fig. 1b) and unpaid child care (Fig. 1c) .
In terms of unpaid domestic work, the baseline FAI (online suppl. Table 1 ; all supplementary material available on request from authors) showed that women were more often preparing a main meal (84 vs. 46% on most days), washing the dishes (80 vs. 58% on most days), washing clothes (98 vs. 56% at least weekly), performing light housework (91 vs. 68% at least weekly) and shopping for household (81 vs. 65%) compared to men. However, there was no difference in performing heavy housework by sex (82% women vs. 80% men at least weekly). 
Return to Unpaid Work at 12 Months
Fewer women had returned to unpaid domestic work (80% pre-stroke vs. 69% 12 months, p = 0.03) than men (52 vs. 53%, p = 0.68) where participation was relatively stable (Fig. 1d) . There was no difference in the results for unpaid care and childcare between women and men (Fig. 1d ). There were only 7 participants who performed volunteer work at 12 months; all were men.
Factors Associated with Return to Unpaid Work at 12 Months
Compared to men participating in unpaid work at 12 months, women (Table 1) were younger, had no income protection, did not participate in paid work, had a history of depression and had more financially dependent children. However, there were no significant differences between the 2 groups in educational attainment, stroke subtype, anxiety, depression or accessing rehabilitation at 28 days.
For women, the only factor significantly associated with returning to unpaid work was having more financially dependent children (OR 2.67; 95% CI 1.08-6.59; Table 2 ). Men who participated in unpaid work before their stroke were more likely to return to unpaid work at 12 months (OR 3.74; 95% CI 2.14-6.53; Table 3 ). In additional analyses, returning to unpaid work at 12 months for women was significantly associated with having more financially dependent children (OR 3.46; 95% CI 1.42-8.46), participating in unpaid work before stroke (OR 11.06; 95% CI 1.54-79.55) and the absence of depression at 28 days post stroke (OR 17.86; 95% CI 1.17-272.18; online suppl. Table 2 ). Having financially dependent children remained significant even after backwards se- Table 3 ).
Discussion
In these pre-specified secondary analyses we found that women were more likely to be engaged in unpaid work before and at 12 months after stroke but there was a decline in the proportion of women who returned, which was not seen in men. Based on the analysis of factors associated with participation in unpaid work at 12-months after stroke, for every additional child a woman has, she is nearly 3 times more likely to perform 5 h or more of unpaid work per week. On the other hand, men who participated in unpaid work before stroke were nearly 4 times more likely to return to unpaid work after stroke. This is the first study to report data on unpaid work in a population of young stroke survivors. In the 2006 Australian Time Use Survey [27] , Australian men performed fewer hours of unpaid domestic work per week than women (13.53 vs. 26.50 h) on average and women provided more unpaid child care than men (6.53 h per week vs. 2.34). The sex distribution of unpaid domestic work corresponds to our findings before stroke; however, at 12 months after stroke, the number of men participating in unpaid work remained unchanged (acknowledging that only up to 53% of men participated in unpaid work at both time points, whereas 69% of women were participating in unpaid work at 12 months, down from 80% before stroke). This could not be explained by the 56% of women who preferentially returned to paid part or full-time work at 12 months [6] . There were fewer women in paid and unpaid work at 12 months in the POISE study. Further research into disability in the POISE cohort is needed.
In a study of people with rheumatoid arthritis [13] , the number of hours per week performing unpaid work was also associated with the number of children in the household/family. This likely confirms that having more children generates more unpaid work. None of the factors associated with unpaid work in POISE were modifiable, unlike factors associated with return to paid employment for young stroke survivors (independence in ADL at 28 days after stroke) [6] or people with rheumatoid arthritis and rectal cancer [13, 28] . As a marker of recovery, participation in unpaid work after stroke may be less influenced by socio-demographic and treatment-related factors because unpaid work is a necessity and can be taken up at the patient's own pace and time in keeping with their capabilities [28] .
The strengths of this study include the large sample size, including a broad range of people included from rural and metropolitan hospitals, which enhances the generalizability of these results among working aged stroke survivors and the a priori plan for these analyses [23] . The limitations include selection bias where patients with aphasia and cognitive impairment whose proxies did not consent were excluded. Information on partner participation, post-stroke pain, hemiplegia, or stroke severity assessments were not collected in the study and we therefore could not evaluate whether these affected participation in unpaid work.
When assessing recovery of young stroke survivors, consideration should be given to whether people intend to return to unpaid work and the amount of unpaid work they will need to complete, as the impact on them, the economy and society is substantial. Depending on circumstances, women and men may require additional support with rehabilitation and individualized care to address their concerns after stroke. Future research is needed to address the question whether sex-specific stroke rehabilitation strategies improve return to unpaid work.
